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Abstract 
Significance of hard materials in various sectors, like aviation, defence and automobiles sectors etc. has been 
increasing gradually. Ultrasonic Vibration-assisted turning (UAT) is new unconventional technique used in 
different manufacturing industries for remove the unwanted material to produce a desired product, and it is an 
advanced process for machining hard and brittle material because of its periodic cutting mechanism. By using FEM 
(ANSYS®), designed and analysed (Horn with Cutting insert) of the acoustic horns for calculation of its natural 
frequency and working amplitude of vibration. Experimentation has been done to find the difference between 
ultrasonic-assisted turning and conventional turning (CT) at different cutting conditions taking Stainless steel (SS 
304) as the work piece material. The UAT method has been found to be a suitable method to reduce the surfaces 
roughness and cutting forces (Compare with conventional turning), requirement not only for hard material but also 
for general purpose engineering materials using in manufacturing industries. 
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1. Introduction  
In these modern days implementing the new technology in various sectors is very  mandatory, ultrasonics is 
one of the new technology which is implementing in different manufacturing areas like ultrasonic welding [1], 
ultrasonic assisted turning [2], ultrasonic assisted drilling [3], ultrasonic assisted milling [4] etc., and ultrasonics are 
also used in medical applications. Ultrasonic is nothing but a sound velocity which is above the human hearing 
range of an average person, which is above 16 KHz, is called ultrasonics. 
 
This research paper is mainly focused on ultrasonic vibration assisted turning (UAT) process. It is a new 
unconventional technique, which is used to remove an undesired material to fabricate the desired product. This 
technique can be used in different sectors like, manufacturing industries, Aeronautics, automobile industry’s etc. in 
this UAT process the main objects is assembly of a transducer, booster and horn shown in figure 1. Here we have 
fabricated the horn with attaching the carbide insert with the help of FEM analysis. Piezoelectric transducer is used 
to convert the electrical energy to mechanical vibration which is around 20 kHz and amplitude is100 microns. 
Booster is boosting the vibration amplitude, and stepped horn performs like a tool holder as well as an amplifier. 
This whole assembly is called ultrasonic vibratory tool (UVT) [5]. 
 
 
 
 
 
 
 
 
Figure 1. Assembly of the UVT system 
 
Metal cutting by using ultrasonic frequency vibrations is more suitable technique, comparison with 
traditional cutting method [6]. The present work is particularly focused on Design and Analysis of Ultrasonic 
Vibratory Tool (UVT) using Finite Element Analysis (FEA). ANSYS® is used to analyse UVT both modal and 
harmonic analysis (Horn with Cutting insert). Experimental study has been carried out in ultrasonic vibration-
assisted turning, in which a certain frequency (in ultrasonic range) of vibration is applied to the cutting tool or the 
work-piece (besides the original relative motion between these two). To fiend the difference between UAT and CT, 
number of experimental data have been proposed and taken in Ultrasonic Vibration-assisted turning (UAT) as well 
as conventional turning (CT). Many researchers have been developed different types of Ultrasonic Vibration-
assisted Turning (UAT) set-ups and reported significant improvements in UAT, noise reduction, tool wear 
reduction, surface finish, Cutting Forces reduction etc [7]. Applying ultrasonic vibration on the horn in Tangential 
direction while during the machining is; 
 
Tangential direction:  Vc=πND < Vt=2πaf        (1) 
 
Where “V  is the cutting speed during turning operation, “N” is the rotational speed of work-piece, “Vt” is the tip 
velocity, “ f”  is the frequency of vibration and a is the amplitude of vibration [8]. 
 
Nomenclature 
A Amplitude   
D  Depth of cut 
E Young’s modulus 
Ƒ Frequency of vibration 
P poison’s ratio 
Ra Surface roughness 
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2. Design and analysis of UVT 
 
2.1. Horn length calculation 
 
The stepped horn is modification of the uniform bar; The length calculation is major part of the horn design 
because the frequency of vibration is depend on the horn length, Shown in figure 2. The diameter at one end of the 
bar differs from that at the other end, D1>D2 from the figure 2.Conservation of momentum would indicate that when 
the horn is resonant, ν2 must be greater than ν1 for equilibrium to be maintained. Total resonant length of the horn of 
stepped shape can be calculated by using equation 2 [9]. 
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Where ‘L’ is the total horn length, ‘k1 and k2’ is the correction factors; ‘c’ is the wave speed. 
 
To simplify the calculation, it is usual to assume the correction factors k1 and k2 be unity. 
Hence, 
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Figure 2. Stepped Horn (Double Cylinder) 
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The amplitude of the horn can be calculating by using equation 4. 
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Where ‘Kt’ is total amplitude gain, ‘ξ1, ξ2’ is the bigger end and smaller displacement respectively, shown in figure 
2.  
By the equation 4, the displacement is proportional to the velocity potential ν, ξ1 < ξ2. 
 
2.2 Finite Element Analysis of UVT 
 
In the present work, an ultrasonic vibratory tool (UVT) is designed and analysed by using ANSYS® 
environment for calculation of its natural frequency and working amplitude of vibration. ANSYS® is one of the most 
flexible tools available for dynamic analysis of structures. The FEM is very useful to finding the resonance 
frequency and analysing the vibration displacement distribution of acoustic horn with any dimension. In this finite 
element analysis, the major factors used for modelling a general structural pressure simulation included element 
type, real constant, material properties, geometry, meshing, boundary conditions, etc.  
 
2.2.1. Material property of horn and tool assemble  
 
The Mild steel used as the horn material and carbide insert is attached to the horn. For the analysis with 
properties of mild steel, elastic modulus E= 210 GPa, Poisson’s ratio, γ=0.33, mass density ρ= 7861 Kg/m3. Carbide 
insert is used as cutting tool for the analysis with properties, elastic modulus E=550 GPa, Poisson’s ratio γ=0.24, 
mass density ρ=15800 kg/m3. Total length of the horn is ‘129’ (By theoretically) (with carbide insert).  
 
2.2.2. Selection of the element type 
 
It is a total Structural analysis; the very first process is selection of the element, here we have chosen 
element size for our analysis is solid 92, tetrahedron 10 nodes. As an element, tetrahedron is fit for this Structural 
analysis to grid the complex 3D geometry model without difficulty.  
 
2.2.3. Modal analysis 
 
In model analysis we have to give certain ultrasonic frequency range, in that given frequency range, how 
the horn body will response at each step will be given as an output. Model analysis is a linear analysis (free body 
diagram). If you are applying extra load to the body for example displacement, plasticity etc., the modal analysis 
will ignore all the dynamic loads. 
 
BLOCK LANCZOS method has been used to calculate the natural frequency of the horn body. The output 
of this modal analysis is the input of the harmonic analysis. The Model analysis output is the natural frequency of 
the horn is 19925.5 Hz and the behaviour of the body shown in figure 3. 
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Figure 3. Modal analysis results 
2.2.4. Harmonic analysis 
 
Based on the output of the modal analysis we will go for a Harmonic analysis. In Harmonic analysis we 
have to give the different types of inputs such as displacement, forces, pressure etc., of a known frequency of the 
structure of the horn. In this process we know the reaction of the structure concerning to the sinusoidal loads. We 
can easily find the stress, strain and Displacement vector sum, maximum and minimum displacement at each degree 
of freedom of the structure by this harmonic analysis shown in figure 4. Based on the harmonic analysis of the hole 
structure (horn and cutting insert assembly), it is clear that displacement is zero at the fillet area, and the maximum 
displacement is obtained in the smaller end (in the cutting insert).  
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Figure 4. Maximum displacement of horn assembly 
 
2.3 Fabrication of UVT  
 
Manufacturing of the UVT is one the difficult task in ultrasonic vibration-assisted system. According to the 
theoretical and numerical analysis, taken as 40mm and 20mm, bigger and smaller end diameter and 129 mm length 
(Horn length 126 + carbide cutting insert 5mm) respectively. 
3. Experimentation  
The work-piece (SS-304) is clamped by the three jaw chuck of “HMT model NH 26‟ lathe. The 
commercial piezoelectric transducer (unloaded 20±0.5 kHz frequency) provides vibration to the ultrasonic vibratory 
tool (UVT). The tip of UVT is placed vertically, which is fixed on Kistler model 9272 dynamometer. The UVT 
placed perpendicularly to the work-piece in the horizontal plane allows the cutting tool to make the ultrasonic 
vibration movement in the cutting velocity direction. The amplitude of vibration is 16μm at cutting tool tip as 
calculated, which the working amplitude for all experiments. 
 
The ultrasonic transducer is clamped at its nodal point by a light weight bracket and the bracket is fixed by 
sliding mechanism with special designed L-shape holder. This L-shaped holder maintained the height of the 
ultrasonic transducer shown in figure 6(a), which is fixed on cross slide of the lathe. The UVT is connected to 
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generator by H.F. Cable with 4 pin coaxially (M) to (F). The generator is generating high frequency around 
20 0.5kHz with 2.0kW (max) power from the input mains voltage 220-230V AC, 50Hz frequency.  
 
3.1. Cutting conditions  
Table 1. Cutting conditions for the Experiment 
 
Sl. No         Cutting velocity          Feed                Depth of cut 
                          (m/min)            (rev/min)                   (mm) 
1                         22.785                0.06                     0.15 
2                         38.465                0.07                     0.2 
3                         65.94                  0.08                     0.25 
 
3.2 Preparation and processing of the work piece 
 
To investigate the experimentation, stainless steel (SS-304) has been chosen as a work piece having 50 mm 
diameter. Experimental analysis carried on ultrasonic vibration assisted turning (UVT) as well as conventional 
turning (CT) to know the difference between them. 12mm length for UAT process and another 12 mm length for 
conventional turning have been taken to cut on the work piece, this process are continuing for each run of 
experiment (all 9 runs). For each run, two surfaces will generate one is ultrasonic vibration assisted turning and 
another one is conventional turning at different cutting conditions, Mark for each run for identification and surface 
roughness measurement. 
 
 
 
Figure 5. Experimental set-up (a) UAT base, (b) DAQ system connected to amplifier with PC, (c) CT and UAT machined work piece 
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3.3. Measuring the forces 
 
With the help of a mechanical dynamometer, and data acquisition system we can easily measure the forces. 
Mechanical dynamometer is placed on the height adjustable cylinder column and above the dynamometer L-shape 
holder will be fixed shown in figure 5(a), (c). This mechanical dynamometer is connect to the KLISTAR MODEL 
9272 dynamometer and  KLISTAR MODEL 9272 dynamometer is connected to the data acquisition system(DAQ), 
DAQ is connected to the PC (Computer). DAQ is convert the values analog to digital and all the three forces 
(Cutting force, Feed force, Thrust force) values we can measure in PC both UAT and CT shown in figure 5(b). 
 
3.4. Measuring the surface finish   
 
To know the difference between UAT and CT, 9 experiments was carried in UAT and 9 experiments was 
carried in CT at same cutting conditions. so, total measuring surfaces is 18. By using ‘HANDYSURF’ we have 
measured surface finish both UAT and CT. 
 
4. Results and Discussion 
 
By the graph it is clearly shows that, cutting forces and surface roughness reduced on Ultrasonic assisted 
turning comparing with conventional turning. The parentage of cutting forces reduction on UAT is 8.16-53.89% 
comparing with CT and surface roughness also reduced 12.5-54.5%  shown in table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 1. Comparison of cutting forces for each run in UAT and CT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 2. Comparison of surface roughness for each run in UAT and CT 
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Table 2. Percentage of reduction of the cutting forces in UAT comparing with CT. 
 
Process parameters Percentage of reduction  
on cutting forces 
Percentage of reduction 
on surface roughness   
S.No Vc (m/min) F(rev/min) d (mm) % % 
1 22.77 0.06 0.15 41.6% 33.3% 
2 22.77 0.07 0.2 17.9% 43.75% 
3 22.77 0.08 0.25 35.4% 33.3% 
4 38.48 0.06 0.15 53.89% 42.85% 
5 38.48 0.07 0.2 29.46% 44.4% 
6 38.48 0.08 0.25 10.8% 12.5% 
7 65.97 0.06 0.15 20.13% 14.3% 
8 65.97 0.07 0.2 8.16% 54.5% 
9 65.97 0.08 0.25 10.07% 14.3% 
 
So, this ultrasonic Vibration assisted process more suitable for machining a hard material like stain less 
steel comparing with conventional turning. 
5. Conclusion 
In this Present paper, FEM analysis has been done to calculate the natural frequency of the horn. 
Fabrication work has been done to manufacture the ultrasonic horn in a stepped shape. And experimental work has 
been carried out on both ultrasonic vibration assisted turning and conventional turning to know difference between 
them. The experimental results clearly shows that the ultrasonic vibration assisted turning is reduces the cutting 
forces as we as surface roughness comparing with conventional turning. Based on the experimental analysis, 
ultrasonic vibration assisted turning is very suitable for machining hard material like stainless steel. 
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